Summary: The non-stress test (NST), a measure of normal fetal movement and accompanying acceleration, is a useful method of perinatal fetal evaluation. The fetal movement and spontaneous onset of fetal acceleration observed in normal fetus suggests a coordinated control of both these functions, presumably arising in the fetal central nervous system (CNS). Since the developmental features of the regulation mechanism of fetal heart rate and fetal movement by the fetal brain in mid trimester are not known, interpretation would be rather speculative.
Introduction
Simultaneous monitoring of fetal heart rate (FHR) and fetal movement (FM) is widely recognized as a useful means of evaluating fetal well-being in the perinatal period. The fetal movement and spontaneous onset of fetal acceleration observed in the normal fetus suggests a coordinated control of both these functions, presumably arising in the fetal central nervous system (CNS). Recent advances in neonatal care permits improvement in the neonatal survival rate at 28 weeks' gestation or earlier.
An accurate assessment of fetal condition in utero would be prerequisite for performing suitable neonatal care and it may contribute to further reduction of neonatal mortality in this period. Sorokin et al. (1982) attempted to classify FM and associated changes of FHR in pregnancies between 20 and 30 weeks' gestation.
Since the developmental features of regulation mechanism of FHR and FM by fetal brain in mid trimester are not known, interpretation would be rather speculative.
The present prospective study was designed to evaluate the landmarks of normal fetal development in mid trimester by non-stress test (NST).
Materials and Methods
Forty-two pregnant women who were judged to be normal were monitored at 20 to 32 weeks' gestation. The gestational age of the infant was later confirmed by Dubowitz examination. There were no neonatal abnormalities.
The patients were studied in a quiet room, lying in the semi-Fowler position to avoid supine hypotension, in the morning between 9 a. m. and 12 noon, 1-2 hours after a meal. On the day of the examination, they were asked to refrain from drinking tea or coffee and were not on medication.
The FHR was monitored with an abdominal fetal doppler or phonocardiogram (TOITU MT-810). Movements were detected with maternal perception and tocodynamometer placed on the maternal abdomen.
Each monitoring session lasted for more than 50 minutes. Fetal movements in randomly selected subjects were also observed using real-time B-scanning. Fetal movements occuring within 10 seconds of each other were considered a single movement. In order to validate the fetal movement by maternal perception, ultrasonic examination was performed simultaneously on 11 patients whose gestational ages were less than 28 weeks. With respect to fetal movement lasting at least 1 second, fetal movement by maternal perception was found to be linearly related to those visualized by ultrasonography with the regression equation y=0.79x +1.24. The correlation coefficient was 0.976 and was significant at p<0.01 ( Fig. 1 ).
2. Frequency of fetal movement determined by maternal perception at 20 to 32 weeks' gestation. 3. Association of fetal movement with fetal heart rate changes.
a. Fetal movement associated with FHR/ total FM ratio. With advancing gestational age, the 4 numbers of acceleration I increased and changes were significant with p<0.05 (Fig. 3) . Acceleration II was recognized at 20 to 23, 24 to 26 and 27 to 29 weeks' gestation with a percentage of 4.9 % , 10 % and 25 % , respectively. The aceleration II increased until 27 to 29 weeks' gestation and stayed at highest level after 27 to 29 weeks of gestational age. b. Acceleration I associated with FM/total acceleration ratio.
Acceleration I was recognized at 27 to 29 and 30 to 32 weeks' gestation with a percentage of 50 % and 71 % , respectively (Fig. 4) .
Discussion
The NST, which involves determination of fetal movement and the accompanying acceleration of fetal heart rate is an adequately reliable means of fetal assessment during the perinatal period. However, as indicated by Bishop (1981) , non-reactive patterns are seen frequently in NST conducted at the 30th week of gestation or earlier. It is impossible, therefore, to make an accurate fetal assessment by NST in its present form during the mid trimester of pregnancy.
The relationship between fetal movement and the change in fetal heart rate during this period must be seen as a state in the development of control of the heart rate by the central nervous system. Thus, FM itself is considered to reflect the active state of the fetus and is closely associated with CNS response. It is, therefore, important to analyze FM in detail, including such factors as type and duration of movements, as an ecological activity of the fetus. Generally, maternal perception of FMs are widely accepted as convenient markers of FMs. Gettinger et al. (1978) and Sakakibara et al. (1981) have reported on relationships between FMs and maternal perception of FMs and individual differences in maternal perception of FMs from patient to patient. According to their studies, only 30-40 % of all fetal movements are perceived by the mother as perception of FMs, and there are considerable individual differences. Rayburn (1980) , however, made observations by real-time B-scanning in order to elucidate the relationship between FMs and maternal perception of FMs and found that of various types of FMs, 100 % of movements of the trunk, 82 % of the movements of the extremities and 56 % of the small movements of extremities were perceived as maternal perception of FMs. In addition, Sorokin et al. (1981) observed FMs from 4 different aspects, i, e. real-time B-scanning, tocodynamometry, maternal perception of FMs and observation by an observer, and analyzed the relationship between the duration of FM and its perception as a maternal perception of FM. According to their study, 64.9 % of movements continuing for 1-3 seconds and 83.9 % of those lasting over 3 seconds were perceived as FMs. Neldan (1982) , meanwhile, reported that although during the mid trimester of pregnancy. FM is affected somewhat by the site of placental attachment, 62.3-79.2 % of all FMs were recognized as maternal perception of FMs. The authors also found that when patients who had not reached the 28th weeks gestation were observed by real-time B-scanning, 79 % of trunk movements lasting for 1 second or longer were recognized by the mothers as perception of FMs. In regard to the relationship between FMs and changes in FHR, Timor-Trish et al. (1978) reported that acceleration in FHR was seen with 91.2 % of those FMs lasting 1-3 seconds, and 99.8 % of those FMs lasting 3 seconds or longer. Lee et al. (1975) 1) Maternal perception of FMs was closely associated with trunk movements observed to last for 1 second or longer by real-time B-scanning.
2) The ratio of fetal movement to total accelerations increased with the progression of pregnancy during 20-32 weeks' gestation.
3) The majority of accelerations in FHR had amplitudes within the range of 10-15 bpm before the 30th week and 15 bpm or greater at or after the 30th weeks' gestation.
